A new study of ancient mitochondrial DNA from Newfoundland and Labrador indicates that this region at the northeastern margin of North America was populated three times in succession by different indigenous groups. This research helps shed light on the movement of populations across the continent, following the initial peopling of the Americas.
It is not a controversial statement these days to say that ancient DNA has emerged as one of the most significant tools in transforming our understanding of human evolution and prehistory [1, 2] . In particular, ancient DNA studies from populations worldwide have revealed an extensive range of outcomes when peoples from two different groups come into contact with one another, including genetic admixture and cultural integration, adoption of culture and language without genetic admixture, and complete population replacement. One important lesson from ancient DNA research, particularly in recent years, has been that we can't necessarily make assumptions about biological outcomes from patterns of cultural change in the archaeological record [3] . In this issue of Current Biology, Duggan et al. ' s new study, Genetic discontinuity between the Maritime Archaic and Beothuk populations in Newfoundland, Canada [4] , investigates this question with regard to the ancient occupation history of Newfoundland and Labrador.
To understand the importance of this study, it's necessary to put it into the context of what is currently known about the genetic histories of indigenous American populations. It was once thought that the early prehistory of the Americas was a relatively straightforward scenario, from which we could derive useful lessons for interpreting more intricate migration histories elsewhere in the world. The simplistic story that many of us learned in school -Clovis mammoth hunters crossing the Bering land bridge and racing through an ice-free corridor to populate North and then South Americahas been discarded in favor of significantly more complex models based on findings from ancient and contemporary genomics research [5, 6] . Studies of uniparental, non-recombining loci such as maternally inherited mitochondrial genomes and paternally inherited Y-chromosomes, as well as genome-wide autosomal markers, have revealed a shared common ancestry of both ancient and contemporary Native American populations [6] . The indigenous peoples of the Americas derive their ancestry primarily from a population that left Siberia and experienced a period of isolation (likely in Beringian refugia) during the Last Glacial Maximum (26,500-19,000 years before the present, YBP), during which genetic variation specific to the Americas evolved [7] [8] [9] . Genomic studies of some contemporary indigenous populations in the Amazon and Aleutian Islands have also revealed faint traces of very ancient shared ancestry with Australo-Melanesian groups, possibly reflecting substructure in Siberian populations [10, 11] . As the Laurentide and Cordilleran ice sheets, which covered much of northern North America, began to melt (approximately 17,000 YBP), travel along the west coast by boat became possible, and it is likely that this was the initial route of entry into the Americas, bringing peoples to Monte Verde, Chile by 14,220 YBP [12] .
Recent high-resolution genomics studies have revealed that Native Americans are partitioned into at least two major clades: Northern Native Americans (composed of predominantly Athabascan speakers) and Southern Native Americans (composed of populations from North, South, and Central America, as well as the ancient Clovis child from the Anzick site in Montana). This genetic structure appears to date back at least to 12,600 YBP and may have formed during the initial entry into the Americas from Beringia [5, 12, 13] . However, because ancient and contemporary Native Americans from North America are genetically undercharacterized, it may be that they harbor additional undetected genetic structure that would add yet more complexity to this model [6] .
A great deal of attention has been devoted to understanding these early peopling events, but far less to the subsequent dispersal of populations throughout the continents (one notable exception being the peopling of the Arctic [14] ). The question of how populations moved across North and South America and interacted with each other to establish regional patterns of genetic diversity following the initial peopling is still very much under-explored [6, 15] . The new study by Duggan and co-authors is important in this regard, as it examines the population history of the farthest northeastern margin of the Americas, which was one of the later regions of North America to have been settled by indigenous groups.
The earliest archaeological evidence shows that Labrador was first peopled by about 10,000 YBP and Newfoundland by 6,000 YBP. This region has been continuously occupied ever since by Native Americans except for an apparent hiatus between 3,400 and 2,800 YBP, which may have coincided with a period of climactic cooling. At least three culturally distinctive groups have been identified as successively living in the region: the Maritime Archaic, who abandoned Newfoundland approximately 3,400 YBP; the Paleo-Eskimo (increasingly referred to as the PaleoInuit, but for the sake of consistency with Duggan et al, the older term will be used here), who expanded from the North American Arctic; and most recently (2,100 YBP), indigenous peoples referred to by European colonists after 1500 AD as 'Beothuk', who became culturally extinct by 1829 (although they may be ancestral to contemporary indigenous peoples in the region).
Although these three groups appear to be quite different culturally, it was unknown whether there was genetic continuity between them. To address this question, Duggan et al. undertook a study of ancient maternal lineages in the region over the entirety of its occupation history. They successfully recovered 77 mitochondrial genomes from Maritime Archaic (n = 53), Paleo-Eskimo (n = 2), and Beothuk (n = 19) individuals. They found that the Maritime Archaic and the Beothuk belonged to founder mitochondrial haplogroups seen throughout North America, consistent with descent from a small, very ancient founding population. However, there appears to be no shared maternal lineages between them, with one exception (discussed below). The two Paleo-Eskimo individuals had low genetic diversity, possessing only a single haplogroup, D2 -the only mitochondrial haplogroup that has ever been recovered from Paleo-Eskimo individuals [14] . The absence of D2 from the Maritime Archaic and Beothuk populations indicates that there was likely no maternal admixture between them and the Paleo-Eskimo, a pattern seen elsewhere throughout the Arctic with few exceptions [14] .
The one exception to the absence of shared maternal lineages between the Maritime Archaic and Beothuk, X2a1/ X2a1b, is interesting. Haplogroup X2a is found only in North America, primarily in populations around the Great Lakes, and the specific lineages present in the Maritime Archaic and Beothuk populations appear to be derived from the basal X2a lineage found in the 8,800 YBP individual from Washington State, known as Kennewick Man (or the Ancient One) [16] . This pattern may reflect the expansion of a population bearing X2a from the Pacific coast to the Northern Atlantic coast by about 4,000 YBP. Additional genomic analyses comparing Kennewick Man to the Maritime Archaic and Beothuk populations would provide a test of this model; if true, it would be a good step forward in understanding the crucial population movements following the Last Glacial Maximum that established regional patterns of genetic variation [6, 12, 15, 17] .
The ability to directly sample genetic diversity from past populations allows us to test a classical archaeological question: are changes in culture over time within a region mediated (or at least correlated) with the movement of peoples? In the case of Duggan et al.'s findings, the almost complete lack of population continuity between the Maritime Archaic, Paleo-Eskimo, and Beothuk matches the archaeological evidence in the region that implies cultural differentiation between the three groups. It will be important to verify these results through further analysis of the nuclear genomes of these individuals to determine if there is any shared ancestry between these groups that might not be detectible with uniparental markers. However, if the mitochondrial results are supported by additional data, this would imply a history of multiple independent colonization events of eastern North America by descendants of the Beringians, speaking to the high mobility of ancient indigenous groups.
